Dasyatis sabina (Lesueur), the Atlantic stingray, ranges from Chesapeake Bay to Mexico (Bigelow and Schroeder, 19 53; Parker, 1972; Sainz, 1976) . Records of its possible range including Surinam and Brazil are undoubtedly based onDasyatis guttata (Bloch and Schneider) (Boeseman, 1948 ) . D. sabina is generally believed most plentiful in coastal waters of Florida and the northern Gulf of Mexico (Bigelow and Schroeder, 1953) and in the Atlantic is often encountered from North Carolina to Georgia (Anderson, 1968; Dahlberg, 1975) . It is known to penetrate freshwater as far as 322 km up the Mississippi River (Gunter, 1938a) but usually occurs in brackish estuarine or oceanic shallows of less than 2 m (de Sylva, 1974) . Sage et al. (1972) documented a growth and seasonal distribution study of some 300 specimens from Texas, while Funicelli (1975) reviewed the food, morphometries, and distribution of D. sabina in Mississippi Sound and the offshore waters of the north central Gulf of Mexico. We have determined seasonality, distribution, ecology, movements, catch per unit effort, breeding season, and length-weight relationships for Atlantic stingrays trawled in North Carolina, 1973 through 1976 , and Georgia, 1967 through 1969 .
STUDY AREAS
North Carolina: D. sabina was trawled at 22 stations with 7.6 m (2035 tows) and 12.2 m (3089 tows) otter trawls in the lower 40.3 km of the Cape Fear River estuary, Masonboro Sound at Carolina Beach Inlet, and the adjacent Atlantic Ocean off the Cape Fear River from February 1973 through November 1976 (Fig. 1 ) . Sampled habitats varied in depth from one to 12.2 m and were subject to wide daily tidal fluctuations of ±2m. Cape Fear River and adjacent inshore ocean waters were colored tea to coffee brown throughout most of the year. Occasionally highly saline "green" offshore waters were found at the oceanic stations and were common at Carolina Beach Inlet (CBI) stations on flood tides. On ebb tides, Carolina Beach Inlet waters were brown from the nearby sounds or Cape Fear River water, the latter carried there via Snows Cut (Fig. 1) . CBI station substrates were mostly sand with some oyster bars located peripherally to the 2.5 m deep Intracoastal Waterway. Cape Fear River deep channel station (10.5 -12.5 m) substrates were of mud, clay, and were interspersed with large dead trees (often of 3 m diameter), and other types of debris. River shoal stations were muddier on the west side and sandier on the east side. Substrates at the Carolina Power and Light Company power plant intake canal (dug in 1972) stations were of silty-mud. Spoil bank islands dotted the length of both sides of the river channel. Sizeable stands of Juncus marsh occurred only on the west side of the river near the intake canal or near the mouth of the Cape Fear River (Fig. 1) . River currents ranged seasonally between 0.51 -3.09 mfsec. It is difficult to categorize the Cape Fear River in terms of reaches, as used by Dahlberg (1972) for Georgia habitats, as most river stations from Snows Cut south to the mouth ( Fig. 1 ) varied seasonally from 0-28 ppt salinity. Salinities of 0-20 ppt were encountered, in 19 7 6, for several weeks at the uppermost river stations at Buoy 42. These were the result of spring or sporadic summer heavy rain runoff or possibly the prolonged summer drought experienced throughout th~ eastern seaboard of the United States in 1976. Salinities at CBI usually varied between 15 and 34 ppt, although strong ebb tides from the Cape Fear would lower these to 6 ppt. River and nearby ocean water temperatures ranged seasonally 8-30°C.
Georgia: Atlantic stingrays were trawled at 14 stations with 6 m wide otter trawls in the middle and lower 19 km estuarine reaches of Sapelo and St. Catherines Sounds from January 1967 to December 1969 (Fig. 2) , as described by Dahlberg (1972 Dahlberg ( , 1975 and Sikora et al. (1972) . Georgia habitats ranged in depth from 5.8-14.3 m and were subject to tidal fluctuations of 1.4-3.2 m (Ragotzkie and Bryson, 1955) . Water color was tan to dark brown (Dahlberg, 1972) . River currents varied, depending on season and tide, between 0.51-1.54 mfsec. Designation of upper, middle, and lower reaches within each sound was based on salinity ranges given by Carriker (1967) as middle 18-25 ppt and lower 25-30 ppt. Mean middle reach salinities ranged 19.2-22.5 ppt (station 10-13) while lower reach stations ( 1-9, 14) ranged 27.9-28.9 ppt. Following heavy rains, salinities at the uppermost station (11) dropped to 9.2 ppt. in January 1970 and 4.8 ppt in April 1971. Water temperatures varied seasonally between 8-31 • C (Dahlberg, 19 7 2) . Spar tina alterniflora was the dominant salt marsh plant (Fig. 2) throughout the study area (Dahlberg, 1975) .
METHODS
Trawl tows at each North Carolina river station were of 15 min duration; ocean station tows were of 30 min duration. All North Carolina live specimens were measured (pectoral fin width (mm)), weighed (g), sexed, checked for breeding state, and released after being tagged through the snout with 12mm Peterson disk tags to obtain seasonal and coastal migration data. The preserved Georgia specimens, captured during 15 min tows, were measured, weighed, sexed, breeding state noted, and examined for embryos. In North Carolina, water tern-,., 05' ,., oo'
33°
,.. peratures and dissolved oxygen values were obtained with Taylor mercury field thermometers and a portable Yellow Springs Instrument Model 57 temperature-oxygen unit. Salinities were recorded with an American/Optical refractometer. Georgia water temperatures and salinities were recorded with a portable Beckman RS5 -3 Induction Salinometer. Dissolved oxygen was determined with a YSI Model 41. Lengthweight curves' for male and female D. sabina, from each area, were generated using the formulae log w = a + blogL and w = cLn. Catch per unit effort (CPUE) was defined as the catch of D. sabina per 15 min tow. We realize and caution interpretations made comparing catches obtained during 15 and 30 min trawl tows until gear efficiences have been resolved (Schwartz and Howland, 1978) .
SEASONAL DISTRIBD'J'ION
The movement of Atlantic stingrays into bays or estuaries during warmer months has been described by Bigelow and Schroeder (1953) , Gunter (1945) , and Sage et al. (1972) . While sizeable numbers of stingrays seem, at times to ' move into Gulf or Texas Waters (Sage et al., 1972; Gunter, 1938b Gunter, 1945 ' ' monthly catch data for the sou them Atlantic of the United States and an estuary near Brunswick, Georgia during 1931-35 by Anderson (1968) surprisingly failed to show occurrence variation which could be attributed to seasonal move-ments. Bigelow and Schroeder (1953) noted that nearly year round residence of D. sabina occurred in inshore waters of the southern Atlantic states. They likewise suggested that movement offshore or southward from North or South Carolinian waters occurred when water temperatures chilled below 16°C in November and inshore movement prevailed when temperatures rose above 16° C in April. Movement north to off Chesapeake Bay was apparently limited by water temperatures, which did not warrn until July or August (Bigelow and Schroeder, 1953) . DeSylva (1974) believed that movement into deeper waters occurred during the late fall. Funicelli (1975) simply stated movement south and offshore of Mississippi Sound occurred during winter months. Sage et al. (1972) noted fall movements offshore into the Gulf of Mexico was water temperatures cooled following cold northerly winds. Gunter (1945) Gunter (1938a Gunter ( , 1956 reported the euryhaline D. sabina far up river in the freshwaters of the Mississippi River in Louisiana. Shealy et al. (1974) and Bearden (1965) (Table 1 ). This stemmed, in part, from the slow adjustment of the river to the generally lower salinities of 1973 caused as an aftermath of Hurricane Agnes in 1972 and the drought conditions which culminated in 1976. The latter decreased river runoff such that higher salinities were recorded further up river than usual, i.e. stations at Buoy 42 possessed salinities of 7-20 ppt for several weeks in the fall of 19 7 6.
Seasonally D. sabina were most common during the warm months of May to September ( Table 2 ). Note that water temperatures as low as 11.0 o C were frequented during early winter and spring samples (Table 3) , conditions lower than that noted by Burger (1972) or Bigelow and Schroeder (1953) . Likewise, only one D. sabina was captured when water temperatures exceeded 29oC (Table  3) . The smallest male D. sabina (115 mm DW) (disk width) occurred in waters of 21°C while the largest male, 460mmDW, was trawled from water only 13°C; other intermediate sizes were found in waters as warm as 29oC (Table 3 ). In general small Cape Fear D. sabina frequented warm waters while larger specimens were caught in much colder waters (Table 3) .
North Carolina D. sabina were usually captured in waters of high salinity (Table 4 ); large ad.ults occurred in waters of a much wider and lower range of salinities than did young D. sabina (Table 4) . D. sabina were captured in waters with 2.6 to 13.0 mg/1 oxygen (Table 5) ; however, most males and females were captured in waters of 4-9.9 mg/1 oxygen. Georgia: Two hundred D. sabina were collected in the waters of Sapelo and St. Catherines Sounds (Table 6 ) by trawl (166), angling (22), and as 12 aborted young. Most captures occurred during spring and summer months ( Table 7) . The relatively high catches in the lower reach stations during October and November of 1967 and 1969 appeared to represent fall seaward movements (Table  14 ) . Since D. sabina feed primarily on invertebrates and some fishes (de Sylva, 1974; Funicelli, 1975; Gunter, 1945) , this food preference could explain its summer occurrence over the soft substrates of the middle reach habitats as lower reach habitats possessed substrates where sand and shell predominated, with soft substrates occurring primarily in intertidal "mud flats".
Movement into the sounds was apparent during the spring (MarchMay) of the three consecutive sample years (Tables 7 and 14) . D. sabina apparently left the area during the late fall of each year, as only four, all males, were captured during December and (Table 8) . Waters of 9.9-33.1 ppt salinity were inhabited by D. sabina, with young speCimens occm-rmg more often m higher salinity waters, even though the occurrence of all sizes was similar for males and females ( Table 9 ). Note that newborn D. sabina were found mostly m the lower reaches m high salinity waters (Table 9) in July-August (Table 7) . Dissolved oxygen values ranged 3.2 to 9 mg/1 and most males and females were captured in waters of 5-7 mg/1 oxygen (Table , 10 ). Young Georgia D. sabina unlike North Carolina specImens, were encountered more often m slightly lower oxygen waters ( 4-6 mg/1 ), while adults occurred in a wider range of conditions.
MOVEMENTS
North ~arolina: Tag returns for 23 of the 419 D. sabina tagged during the four-year study (5.5% recapture rate) indicated a southerly movement along the coast to at least Myrtle Beach, South Carolina between October and December, with definite inter-river movement during other months (Table 11) . More males than females occurred in the (Table 11 ) even though nearly equal numbers of each sex were tagged (see totals for each sex, Table 2 ). Note that one recapture was at nearby Myrtle Beach, South Carolina, 5 December 1973, indicating that perhaps all do no; move appreciable distances to the south during the winter. Longest at liberty before recapture was about 8.5 months. Several were recaptured at or near their original tag site after a winter in the ocean (Table 11) .
CATCH PER UNIT EFFORT
While the literature was replete with statements that D. sabina Was common ' abundant, or the most common stingray in an area (Dahlberg, 19 7 5; Bearden, 1965; Jordan and Gilbert, 1883a 1883b. ' ' et al. (1972) . Bigelow and Schroeder (1953) thought that young were born at "all times of the year except winter". Murray and Christmas ( 1 9 68) noted gravid females dropping their young in Mississippi Sound during the summer. Funicelli ( 19 7 5) found the smallest gravid female in Mississippi Sound was 218 mm while offshore specimens with well developed gonads measured 206 mm DW. Males were mature at 190 mm DW. In Charlotte Harbor, Florida, embryos appeared to increase in wing width from 35 mm on 19 June to 100 mm on 11 July 1940. Body widths of gravid females were 235-286 mm, and smallest disk length of a gravid female was 222 mm (Breder and Krumholz, 1941) . Mature embryos were observed in June and July by Sage et al. (1972) and Joseph and Yerger (1956) . One Louisiana specimen gave birth to three young on 5 June 1932 (Gunter, 1938b) . Breder and 
Disc Width
Oxygen (mg/1) (mm) 2-3.9 4-5.9 6-7.9 8-9.9 (Table 3) . However, the smallest individuals were taken in 1976 (Table 3) . A male and female, both 115 mm DW (Station 19W), were captured 21 June 1976, while a 102 mm female was taken at 18E on 16 August 1976. All other specimens, in any one year, were larger than 120 mm DW. Apparently parturition occurs elsewhere or in the adjacent ocean as the younger sizes occurred during high water temperatures and at the lower stations when salinities were high (Tables 3, 4) ; capture upriver occurred from June to August when water temperatures ranged from 24-_. -29°C. Georgia: R~pe males (here considered ripe if containing mucus in the clasper grooves) occurred in both reaches of the study estuaries, but were most abundant in the middle reaches. These were usually observed from April to August, while two were so noted as late as 16 November. Sizes of ripe males were 211-265 mmDW.
Yellowish eggs were found in three females (310-330 mm DW) caught by hook and line in the middle reaches (Halfmoon Landing) on 21 April 1967. The abortion of 88 -118 mm DW embryos, upon capture of pregnant females (289-320 mm DW) was observed only at the middle reaches stations on 26 July 1967 , 7 .August 1968 , and 4 August 1969 (Table 7) . Several fetuses (111-120 mm DW) were also found in a 353 mm DW female collected by hook and line at Halfmoon Landing 16 August 1967.
Thus, newly born young 101-130 mm were trawled in August-September in the estuary, which serves as the nursery ground for Georgia D. sabina. Specimens 131-170 mm collected in the spring were considered age class 1 specimens. Gunter (1945) collected 130-460 mm disk length D. sabina in Texas, the smallest of which were taken in November and April in the Gulf of l\lexico. We consider these sizes to be equivalent to wing widths as Breder and Krumholz (1941) , Yerger (1966), and Funicelli (1975) is nearly equal. Sage et al. (1972) , on the basis of weight histograms, concluded that females lived 6 years and attained a weight of just over 2000 g while males lived 3-4 years and attained weights of just under 1000 g. They also noted females grew 200 g in weight their first year followed by a marked increase in weight their second year, a condition they attributed to pregnancy. Subsequent yearly female growth rates were in 200 g increments. North Carolina: North Carolina D. sabina fell within the size range noted by Gunter (1945 ) . '
LENGTH-WEIGHT RELATIONSHIPS
usually heavier than corresponding sized males (Fig. 4) . Females of all sizes were lighter than males throughout 1976 (Figs. 3, 4) . No extraneous event seemed responsible for the 1976 female weight differences. Length~weight regression curves for each sex, by year, (Figs. 3  and 4) show good correlations except for the 1976 male length-width data where r = 0.8500. Georgia: The size range of trawled male D. sabina was 107-278 mm, whereas trawled females were 110-340 mm DW (Fig. 5 ) . The largest male and female Males were nearly identical to females in weight and size in specimens captured in 1969 until 240 mm DW were obtained, after which both approximated each others weight, even though females attained a larger overall size (Fig. 5) . D. sabina 131-170 mm, collected during the spring, were considered age class 1. Note these specimens were larger than reported by Sage et a!.
(19 72) for the same age class. While Sage et a!. (1972) found that Texas females grew larger than males, Georgia females were heavier than corresponding sized males and exceeded the maximum size of males (Fig. 5) .
Length-weight regressions were expressed as logy= -5.1460 + 3.3567 log x (r = 0.9899) for males and log y = -4.5199 + 3.0914 log x (r = 0.9973) for females. Power functions were generated by the expression w = 0.000007 x 3.3567 for males and w = 0.000030 x 3.091 4 for females. Georgia observations were accomplished while that study was based at the University of Georgia, Institute of Marine Sciences at Sapelo Island, GA. Funding was provided by the Interstate Paper Company of Riceboro, GA, through the Qeorgia Water Quality Control Board. Ship support was NSF funded. Many Marine Institute staff likewise assisted in the collection and analysis of the field samples. Figure 2 was originally published in Sikora et al. (1972) .
Dr. Robert Livingston, Florida State University, Tallahassee, FL, generously supplied catch per unit effort data from his vast west Florida bay studies. 
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